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A Report fa the BPAEmerging Technologidsitiative

The following reportvas fundedby the Bonneville Power Administration (BR&Afassesemerging
technolog topicsthat have the potentiato increaseenergyefficiency BPAs committed toidentify,
assess and delop emerging technologies with significant potential for contributing to efficient use of
electric power resources in the Northwest.

BPA does not endorse specific products or manufacturers. Any mention of a particular product or
manufacturer should noté construed as an implied endorsement. The information, statements,
representations, graphs and data presented in these reports are provided by BPA as a publicFsarvice.
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baselines increase. Improvements in LED quality and efficacy leading to saturation of energy efficient

lamps, an anticipated 2020 national standard requiring greater lurpensvatt, and more stringent
NEBEaAaARSYUALFf fAIKGAY3I o0dzif RAYy3a O2RSa oAttt ONBIFGS 7T
savings that residential lighting programs may claim. Reduction in energy use continues to be realized

through use of LEDs, vith the next breakthrough for greatly reducing energy use with emerging lighting
technologies is not expected until at least 2025. Residential energy savings from lighting controls,

whether stand alone controls, integrated or part of home automation systeare hampered by low

usage and high efficacy of residential lighting, limigffgctivenessThis paper was commissioned by

the BPA to identify new technologies to ensure future residential lighting energy savings for the Pacific
Northwest.
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Executive Summary

[ AAKGAY3 SySNHe al @Ay 3a LiergyEficiencyPrégéam. B&vieén 201§ . t
and 2017 Jightingsavinggrewfrom 43% to 72% othe total residentialportfolio. This contribution will

fall substantially startig in 2018 when changing baselines will cut savings by up to A@fitipating
thesecharges,BPAbegan evaluating alternatives to reyok expectediossesrom the residential

lighting programn 2017 Thsresearchsupporisthe resultingstrategic planmg initiative to redesign

the residential lighting prograrm response to thenticipated changes.

The objectives of tisreport were to understand the future state of residential lighting including how
the continued growth of LEDs would impact futureisgs, as weksidentify new technologies that
could potentially replace anticipated saving losses e#ensive literaturesearch, as well as interviews
with staff from utilities, manufacturers and subject matter expestsvidedthe content. The reprt has
been divided into two major categori@scluding lamps and contralfkesidential lighting energy savang
areidentifiedin the Northwestfor both new construction and retrofit application&nergy efficient
lighting solutionsare presented for bth near term savingsl(c 5 years) as well as technologighich
require additionaresearch analevelopmentfor future energy savings (over 5 years)

Duringthe nextfive years potential for reductions in total residential lighting energy wg# be driven
by further penetration of high efficacy lamg®imarily LEDs. Durirtgis time frame the efficacy of LED
lighting is expected to continue to improwath the potential forLEDs to become twice as efficias
productscurrently in themarket The eficacy of LEDs currently available in the Northwastges from
80to 100 lumens/watt Howeverstate of the art productgan be foundwith efficacies of 200
lumens/watt The efficacy of alproductsis anticipated to increase to this level in the neatiufe with
DOE targehg 200 lumens per watt by the year 2025 the standard

While improving, concerns about cost, light quality, flicker and dimming performance have slowed
adoption of LEDsTo address these barriecensumershavepurchase familiar bokinghalogens lams,
resulting in theimarket share growinfrom 1% in 2Q1 to 26% in 2016However, theupcomingEnergy
Independence and Security Act (EI3@90 willrequire an efficacy ofjreater than45 lumens/watt
which eliminates halogens fromeHighting mix.As pricesontinue tofall andhalogen lampsre
eliminated from the marketO dza (i 2 exgeddiiacdswill demandLED lampwith good lighting and
dimming performance

The EISA 2026:deral standard, along with advancing energy coddakérNorthwest,have the potential

to increase the market penetration of higher efficacy lampsw codes will raise the baseline fraand
diminishutilities programmatic savingsAs a resuliytilities may look to promotdighting products with
efficacieshigher than the EISA minimuntility incentive programs could potentially accelerate the
adoption of higher efficacy LED lighting, for instance through the use of tiered incentives that provide
larger incentives for more efficient products.

Increaseduse of lighting controls in the residential sector has the potential to increase lighting energy
reductions but energy savings are small comparedhe savings potential from the expanded use of
high efficacy lampsSavings from control strategies areénmimized as higher and higher efficacy lamps
become the norm.DOE estimates 7% of residential lighting savings can come from cdmra@35
According to DOE and ClpEbper control of exterior lighting on homes hlaigiherpotential for savings
(energyuse reduction of as much as 36%) than interior residential controls.
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Adding controlghat includeconnectivity to house automation systems and/or the internet increases
installation costs bubas not been showto significantly increasenergysavings wer savings provided
by independentlighting control technologies Connectivity does howeverovidethe potential to

create a demandasponse resource for utilitied-urther research is recommended to validate energy
savings potential and cost effectivess.

There are interesting emergidightingtechnologies that may impact the residential sedtothe long

term, many beyondive years.These include Organic LEDs, Laser LEDs and QuantunCDoently,

there is limited availability ofrganic LEDJLED) produstfor the residential sectqgrbut cost and
incompatibility with current fixtures and standard lighting design are significant barriers. Laser LEDs and
guantum dots may play a role in the future (beyded years) but with no products generbl available

in the market their application to lighting remains speculativie addition whilethese new

technologiecould radicdly impact how lighting ismplemented,they donot appear to offer significant

if any, improvements in efficacyFutureefforts for these new technologies will need to focus on
accelerating their development through strategic partnershipsupport research and development.

It will be challenging to continue the very successful reductions in residential lighting ersergy u

achieved in the ladive years at the same pacéAsmore sockets are filled with low wattage, high
efficacylamps such asEDsopportunities for furtherenergy savings diminishn addition, incremental
savings from reduced operating hours througjhting controls shrink as the source wattage is reduced
Finally, the rated life of the high efficacy, low wattage fluorescent and LED sources are long, resulting in
low replacement rate. With these lamps remaining in sockets longegre is limitedopportunity for
installation of newer, more efficient lamps

Background

Currently, there are more than 300 million lamps in Northwest hothesszigant Consulting, In2017)
Lighting is the 8 largest residential electrical energy end use after spaceitionthg and domestic hot
water and represents 6% of regional consumptblorthwest Power and Conservation Council)

The lasten years has been a unique period in the evolution of lighting as we have seen significant
change in the dominant lighting technologies in our homaknost half (46%) of all ligbulbs are now
either a CFL drED compared to just 25% (all CFL&DPiM (RBSA, 20l Due to the shift from
inefficient incandescent bulli® these more efficient sourcgthe lighting power density (watt per sq.
ft.) decreased from 1.4 to 1. (RBSA, 2017)

Thesechanges have been driven thyee key factorsthe adoption of the 2007 Energy Independence
and Security Act (EISA) prohibiting the manufacture of the most camnuandescent lamps between
2012 and 2014rapid advancement in performance and decline in cost of highly efficacious light
emitting diodes (LEDSAnd aggressive utility programs promoting efficient lighting technologies. As a
result the region has seemlargereduction in total residential lightingnergyconsumption from 2009

to 20150f 39% (sed-igurel).
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Figurel. Residential Lighting Consyption Decrease from 2009 to 2016 aMWh

aMWh

2009 2010 2011 2012 2013 2014 2015

Navigant Consulting, Inc. (201Residential Lighting Market Characterization Stiglynneville Power Adminisition.

The lower annual residential lighting energy consumption is the direct result of the growing market
penetration of higher efficacy lampisoth CFLs and more recently LEDs. Based on all the lamps shipped
to the regionfor the years2011through2015for all applications and technologies, thexas a

significant reduction in average wattagedresulting annual energy consumption, as shown with the
right two arrowsin Figure2. At the same time, thefficacyand rated lifefor the average lamp sold

increased, as shown with the left two arrowsthe figure

Figure2. Lighting Market Changes from 2011 to 2015

EFFICACY RATED LIFE WATTAGE CONSUMPTION
(lumens/watt) (years/lamp) (watts/lamp) (kWh/year)

2011 16 3.6 49.7

+41% +677

015 22.5 6.1 33.8

38

(Navigant Consulting, Inc)

Continuingto reduce residential lightig energyconsumption at the same pace tie lastfive yearswill

be difficult Asmore low wattage, high efficadgmps are installed in

homespportunities for further

reductionin wattage diminish In addition, incremental savings from reduced opérgthours through
lighting controls shrink as the source wattage is redu€éaially, therated life of thehigh efficacy, low
wattage fluorescent and LED sourees long, resultingn lowreplacement rats. With these lamps

remaining in sockets longedhere islimited opportunity for installation of newer, even more efficient

lamps
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Market Characterization

BPA completed (nb<recent Residential Lighting Market Sttavigant Consulting, Init) May
2017 This reportdocuments market conditions and trendsthe Northwestand illustrates the
magnitude of theLEDrevolution aghese lampsave surged into the high efficacy part of the market
displacing CFLs. Similar to LEDs, halogen lamps have surged into the low mffidast displacing the
once dominant standard incandescent lamps but with only minimal improvement in efficaacgo
improvement in rated life These changes hab®en most pronounced in general service lightisga
result ofthe EISA 2007 legislatio

Specialty lightingwhich includes decorator, reflector, globeway, appliance and rough duty lamps
among others, isurrently exempt from EIS2007requirements Howeverjncandescent lampis this
categorywill be phased oubnce the 2020 EISA aemaking goes into effedn January 1, 2020Until
recently,the availability of high efficacy LED and fluorescent lighting options for specialty lightng ha
beenlimited. However,in anticipation of the EISA 2020 the technology has advancedaaiaty LED
lamps are now becomingore readily available.

Figures3 and4 show the units sold in the Northwest region for general purpose and specialty lamps.

Figure3. General Purpose Lampslechnology Shares, 2022016
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Figure4. Specialty LampsTechnology Shares, 2042016
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Regional Technical Potential

The 7" Northwest Power PlatNorthwest Power and Conservation Couneitjopted February 10, 2016,
identifies lighting as providing the secohijhest potential savings in the residential sector wig#
average megawattsnost of which is available at less thad.&7/kWh The potential is identified as

being driven by the advent of loeost solid state lighting (LEDs) and was based on projectiom
PNNL(PNNLyxompleted in October of 2013 and included projected improvements in costs and efficacy
of LEDs through 2017 (sEeure5). This estimate does not include additional potential savingsf
residential lighting controls.

Figure5. Residential Potential by Endse and Levelized Cost by 2035
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Met hods

The objective of this report is to provide an understanding almamtent and futureresidential lighting
technologiesand their impact to the BPA residential lighting progrdemofiles have been created for
residential lighting technologig®oth current and futurelsing the following characteristicguture
technical potential (energy sangs); product features; availability; cost; and market, product and
program readiness level& his information has been divided into two categoéamps and controls.
This information will be useldy BPAo revise the Residential Lighting Program tdivder future energy
savings for the Pacific Northwest.

In order to complete this assignment, WSU performed an extensive literature search, as well as
interviews with staff from utilities, manufacturers and subject matter experts. The list of orgamizatio
interviewed includes: Lighting Design Lab, Lighting Research GéteasseleaPolytechnidnstitute,
Northwest Energy Efficiency Alliance, CLEAResults, Design Lights Consortium, Consortium of Energy
Efficiency Electric Power Research Institute (BRRd BPA. The complete list of expeastgicluded in
AppendixB. A complete list of reviewed sources is provided in Appefidix

Findings
Lighting Technologies

Potential Savings

Within the nexttwo to five years it is anticipatedhat the largest avings in residential lighting energy

will be realized from the continued penetration of higher efficacy lamps, specifically TERBBROE
September 2016 publication, Solid State Lighting Report Summary: Energy Savings Forecast of SSL in
General lllumindbn, projectsthat 93% of future residential lighting sector energy savings through 2035
will be from utilization of higher efficacy lampBOE projects that 86% of all residential lighting will be
LEDs by 203uilding Technlogies Office)

In the Northwestresidentialdemand reductiorfrom high efficacy lampis estimated at84 average
megawattsbased on Northwest Power and Conservation Council (NWPCC) projections frRbeér
Plan.

Current sudies indicate large nurdss of inefficient lamps continue to be sold in the Northwest.
Through 2016, lower efficacy halogens and incandesieenps comprisé 45% of general service lamp
salesin the Northwest(Navigant Consulting, Indjalogen and icandescent sources compris62%of
specialty lamp sales (decorative, reflector, glodeg 3way)(Navigant Consulting, Incpignificant
energy savings could be achieved through converting these lamps sales to high stiicaes.

It is also important to note that significant continued improvement in the efficacy of LED @rafis

typesis predicted in the next few yearsn 2016 the U.S. Department of Energy (DH#i)ilding

Technologies Offe)Sa G A Yl 6 SR GKFI{G (KS GaKAIKSaAald WONF2NX¥YAYy3A [ 9
fdzySyakegl GGT 5h9 LINRP2SOGa GKIFG  dGFNBSG 2F wpp f dz
YIEN] SGAy3a {KE@hiligsindbe Urted Arab¥Emiéates with a reported efficacy of 200

lumens/watt inthree lamp sizes (1 W, 2W, 3W) designed to replace 25W, 40W and 60W incandescent
lampsrespectively. The Dubai Lamp is roughly twice as efficient as the typical LED lamp sold in the US

today. Focus on promoting these higher efficacy lamps would maximize potential energy savings.
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The expected life of LED sourcetersyears or more in residential applicatian$hissuggess currently
installed LEDampswill remain in sockets for many yegwsoviding persistent saving$aradoxically,

this couldpotentially slow thereplacement of older less efficient LED lamps viutiare higher efficacy
products. Because LED lamps will remain in sockets for many years, utilities should encourageahe use
the most efficient products on the market, with program adjustments as the technology advances to
always promote the most efficient products availalleludingcontinued incentives for higher efficacy
LEDs.

Barriers to LED Growth

While improvingconceerns aboutcost, light qualityflicker and dimming performancare presumedto
have at least in part slowed the adoption of LBBsriers both real and perceived continue to limit LED
salesand support the sale of halogen lamps, which do not exhibistimae drawback¥ey larriers
include:competitive productshigher prices; poor light quality; and flicker performance issues.

Competitive Products

Initially, LED sales were limited bigh prices and consuenslookedfor cheaperefficient lighting
alternatives. Lower cost hlogen lampsvhichalso addressed light quality and flicker performance
issuesentered the market. The ready availability and appeal of halodemps slowed the adoption of

LED alternatives Halogenampsales grew from 1% of theegeral service lamps in 2011 to 36% in 2016
(Navigant Consulting, Inclror the typical consumer, halogen lamps looked and performed the same as
the lower efficacy traditionahcandescentamps and were lower cost than CFId&ED lampslt is
expected that halogens will maintainthis position untilJanuary 1, 202@yhen new standardsalling

for 45 lumens per wattwill make itillegalto sell most halogen and incandescéatnpsin the U.S

High Prices

LEDamps and fixteesaretypicallymore expensiveéhan lamps and fixtures usirityorescent and
incandescent However, the cost of LEDs Heeen droppingapidly. In particularthe cost of LED
general service lamps purchasednultipacks at big box storese nowmuchmore competitive.

Poor Light Quality

Poor light quality as perceived by consumers has long been recognized as a barrier to market
acceptance.Light qualityis most commonly referenced in terms of CBbIpr Rendering Indgx
Limitations of CRI as a mettave long been recognized atfé industry has struggled to develop more
effective standards. In 2015 a new standard IES3UM/as introducedEnergy Efficiency & Renewable
Energy) however this standard has not been widetlogted. To help assure consumer satisfaction with
LED productst will be important to promote products with good color quality

In addition,minimum requirements for color quality should bensidered For exampleinergy Star
requiresa minimum CRdf 80 for LEDsAnother standard, the California Quality Lighting Specification,
requires a CRI of 90

Flicker

Concern about flicker is another barrier to widespread adoption of LHigsmost basic definition of
flicker is a modulation of lightight levels fluctuate high to lowmndback to high Sometimes this
modulation of light happens at a slow enough rate thas visible. Often with LED and fluorescent
sources, this modulation happens at a very high frequency, so it can only be detectedheheis
movement relative to the eye and the light source. This is called stroboscopic flicker. Even though
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stroboscopidlicker is not directly visible, hay cause people who work under such light to experience
more subtle effects of this flicker, inding headachs, eye strain, and discomfort.

LED lighting sources require a driver to convert AC current to DC and flicker can result from the use of
low quality drivers.. Hickeris more of an issuehen LED lamps are dimmedED dimming

performance isa function of both the quality and capability of the driver and compatibility with the
dimmer. The cost ofhe driver is a significant part dfie total cost of an LED langmd using agquality

driver that completely eliminateflickerincreasegproduct st

Dimming in the real world can be challengiagd can be an additional barrier to acceptanéerst not

all LED lamps are designed to be dimmable. Therefore, it is essential that consumers choose lamps that
0KS YI ydzfF I O dzNB NJ R SeaoddidtiereSisia widé varitivn il thfd: cbafa&epistics of
different LED sources and different dimmelsis important for consumers tase a dimmer designed

for use with LED lightingylost major lightingmanufacturerspublishlists of dimmers that a&

compatible with their products.

The National Electrical Manufacturers Association (NEMA) is initiatifgPaDimming Compatibility

Program This is a voluntary program through which lamp and control manufacturers can label their
products as dimming eopatiblewith the logo shown belowWhen the logo appears on the package,
consumers know that the LED bulb or dimmer inside has been designed to be compatible with dimmers
or bulbs that have the same logo on their package.

Figure6. NEMA LED Dimming Compatibility Logo
00g ®
) @

PAIR
BULB + DIMMER
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Technology Overview

The following section of the document provides an overview of various lighting technoldt}ies
technologiesare presentedhcross threecategoriesdepending ordifferent development phasse
currently in the market placenear term emerging technologiexpectedto enter the marketn the
next2 ¢ 5 yearsand bng termemergingtechnologiesexpectedafter five years

Qurrent (and continuingtechnologies aravailablein the markettodayand are expected to continue
contributingsignificantenergy saings over the nextvo years Thesdnclude LE@eneralservice Aline
lamps LEDspeciaty lamps linear LED4.EDexterior lighting and dedicatedfixtures.

Near term ighting technologismay have recentlgntered the market placéhave a small adoption rate
andare expected to mature over the nexicd years In most cases energy savings and cost
effectivenesdor these technologies have not been validatélthese technologigscludeOLEDs

Longterm technologies are in the Research and Developmraseof development with expected
market entrydefined as beind@ive years or more These technologies are still in the proof of concept
stage andnclude Laser Diodes am@liantum Dots.Expected applications and energy savings are
currently unknown.

Information about two additional power distribution technologies that are related to lighting, Power
over Ethernet anddC Power Distributigrare provided in AppendR While these technologis do not
provide direct lighting energy savings, their implementation may provide more efficient means of
poweringhigh efficacy lightingystems.

Technologies have begurofiled using thecharacteristics in théllowingtable.

Tablel. Characteristis anddefinitions used in report

Characteristics Definition

What are the expected savings if the technology is fully deployed within

Technical Potential Pacific Northwest?

Applications Where and how are technologies utilizéd

Product Features What are the unigue characteristics of the technology?

Availability Where are the technologies offered?

Energy Savings Howmuch energy savings are associated with the use of this technology/
Cost How much do the technologies co%ts

The Regional Emerging Technology Advisory Committee (RETAC) made up of public and 10U utilities in
the Pacific Northwest facilitates collaborative activities to identify, prioritize and assess emerging
technologies. The RETAC has proposed a serseslet to identify readiness across three different

levels: market or commercial readineshow available is the technology; product readinessas the
technology been validated; and program readines$es the cost effectiveness of the technology been
assessed. Each readiness criteria ha$ Hifferent levels as defined as follows.
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Table2. Readiness Lev&coreDefinitions

LEVELL: Not commercially available or limited, ppmmercial availability
LEVELZ: Commercially available outside of NW. Requires special order in NW.
Market/  |Levei3: Commercially available in NW froome manufacturer through standard channels.
Commercial|Leveid: Commercially available in NW from at least two manufacturers. Stocked throughounhreg
LEVEIS: Commercially available from 2+ manufacturers, well developed supply chain. Widely an
easily available.

LEVELL: Concept not yevalidated

LEVEZ: Concept validated

LEVER: Limited Assessment

Product |levew: Extensive Assessment

LEVELS: Gomprehensive Analysis

LEVEIG: Approved for Implementation

LEVELL: No program design. No risk assessment.

LEVEZ: Not cost effective, but preliminary analysis shows a pathway to CE. Limited program de
and risk assessment.

LEVEI3: Not costeffective but shows pathway to CE with higher volumes, more competition,
improved technology. Small scale pilots.

LEvEl4: Marginally at cost effective levels. Program design complete, larger scale pilots underw
Well-developedrisk assessment.

LEVELS: Cost effective. Ready for ftdtale programs. Periodic risk assessment process in place.

Program

Technicalpotential estimatesfor the current and continuing technologiggere developed by staff from
the NWPPCAs part of their mission, the NWPPC preparesqatc regional power plans that include
development of technical potential for energy efficiency technologiese technical potential estimates
provided for this paper areough estimates, and are not intended to represent what will be in the
Power Plan.However, laving the NWPPC provide technical potential for gaiperwill provide
consistency in the analysis and data sets.

The technicalpotential estimates accounfor the impacts of the 2020 EISA stand#rdt will raise the
baseline efficacy to 4b/watt and represent londerm savings potentiaFor Alamps and specialty
lamps, the near term potential could be upfige times higher. However, this higher level of savings
will only be available to utility programs until January 1, 2020 when ¢ve BISA standards go into
effect.

In addition, the estimategeflectrecent findings from RBSARBSA, 2011hat show the saturation of

LED lighting in homes is approximat2®a The savings per bulb is based on recent work by the

Regional Technic@l 2 NHzY G KI & RS@St 21LISR I GOdzZNNBy G LINI OGAOS¢
practice bulb is defined as the bulb the customer would hawehasedn the absence of an energy

efficiency program and includes a mix of all bulb types (halogen, CFL, LED)

Finally, it should be noted thahé technical potential estimates for individual technologaes not
mutually exclusivef-or instance, a portion of the technical potential &xterior lampswill come from
replacement of general serviceldmps Theefore, these savings are included in the technical potential
for both exterior lighting and general servicdainps.

Since therds so much uncertainty regardimgwly emerging and R&D technologias estimatesof
technical potentialvere developed fothese technologies.
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Current and Continuing Lighting Technologies

Efficient LED sources are currently supported in NW efficiency programs and are expected to continue
contributing significahenergy savings over the next twears. Continued improvementn the efficacy

of LED lamps of all types is predicted in the next few yeosential energy savings could be maximized
through a uility focus on promoting these higher efficacy lamfis instance through tiered incentives

General ServiceA-Line Lamps

The most familiar and availabld=Dampsin the residential markesre general service lamg®nfigured
to replace standard Edison base lam@srrently available LED

lampsare significantly more efficient than incandescémnps, p

providing energy sangs of up to 80%LED lamps argbout 2% VILE ‘

more efficient thanCFLamps and provide superior light quality. T ““ x :

In addition, LED lamp life can range from 10,000 to 25,000 ho ’ _ |

as compared to 1,200 hours for incandescmpsand 8,000 % E::

hours for CFL lamps '

There is a variation in quality of LED lamps. Costs are higher for lamps that provide good
o color quality, good dimming performance and long lamp Fitament LELamps are a
: type of general servicA-line lamp that are typically used in decorativettings. These
lamps are becoming widely available with high efficacy and lower costs and consumer
interest is strong driven by the unigue look and style.

Technical Potential 35 aMW
Applications Residential fixtures that have an Edison base suitabtes€rew in lamps.

Product Features Lamps are availablgith variouslumen outputs and in various color temperatures.
Dimming and nosdimming versions are available.

Availability: Readily available through all consumer channels: big box stores, hadicaes, online.

Energy Savingst EDlampsuse about 8@less energyhan standardincandescentamps about 30
lessthan CFLs.

Cost LED lamps cost somewhat more than standard incandescent halogen lampestautontinue to
decline and can be comp#te when purchased in mulipacks. Costs are higher fdtEOamps that
provide good color quality, good dimming performance and long lamp life.

Readinesd evels

Category Scores

Market/Commercial LEVEIS: Commercially available from 2+ manufacturevell developed
supply chain. Widely and easily available.

Product LEVEIG: Approved for Implementation

Program LEVELS: Cost effective. Ready for ftdtale programs. Periodic risk

assessment process in place.
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LED Specialty Lamps

Specialty lamps & broad categoryhat

generallyrefersto lamp types other than

standard Aline Edison screw base lamps

and includereflector, globeand

candelabrdight bulbs Because standard

Aline lamps represent the largest market

share, manufacturers of LED lamps = =
originally focused attention on =
development of these lamps and LED
specialty lamps were not commonly available. As tHia&lamps have become readily available with
good quality and low price, manufacturers have shifted attentioth®introduction ofLEDspecialty
lamps. LED versions of numerous specialty lamp tgpesow becoming readily availalded the

number of Energy Star approved products is growing rapidly with Aline LED lamps, the efficiency of
the LED specialty lamps is far supetimthe efficiency of the incandescent versions, providing the
opportunity for significant energy savings.

Gk
(

Technical Potential 51 aMW

Applications Residential fixtures thatise replaceable lamps with other tham Edison baseThese
include fixtures tlat use reflector, globe and candelabra light bulbs with various sbese sizes, such
as candelabra (E11) and medium screw (E26)atidpin bases such as GU4 and GU10.

Product Features Lamps are available a large variety of sizes and shapestta frariety of
applications. Lamps come witlariouslumen outputs and in various color temperatures. Dimming and
non-dimming versions are available

Availability: LED specialty lamps aredomingreadily available througmostconsumer channels: big
box stores, hardware stores, online

Energy SavingsLED lamps use about 80% less energy than standard incandescent lamps; about 30%
less than CFLs.

Cost: The cost of EDspecialtylampsis typically higher than the equivalestandard incandescerand
halogen lamps.Costs are higher for LED lamps that provide good color quality, good dimming
performance and long lamp life

Readinesd evels

Category Scores

Market/Commercial LEVEIS: Commercially available from 2+ manufacturers, well developed
supply @ain. Widely and easily available.

Product LEVEL6: Approved for Implementation

Program LEVELS: Cost effective. Ready for ftdtale programs. Periodic risk

assessment process in place.
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LED Linear Lamps

Based on the ResidentiBliilding Stock Assement(RBSA) developed by NEE2% of lamps in single
family homes in the Northwestrein linear fluorescent fixturegypically located in shopgarages,
basements and kitcher(®avid BaylonLinear fluorescenlamps are ao found in mulfiamily facilities
in common areas and garageBhe majority of thesdinear fluorescent lampare B/T12 fluorescent
lamps drawing 32Vto 40W. LED linear replacement lampsrrentlyin the marketcan provide energy
savings ofl0 ¢ 45%at competitive prics. Current data on market penetratioof linear LED
replacement lamp$as not been found.

<~ However, for these it is important to confirthe compatibility of the existing

/\ o0 T8 fluorescent ballast and the new linear LED T8 replacement IREip tube
B \ / replacement lamps come in a variety of configuratio®me require rewiring
= fixtures and installation should be done by a qualified electrician. Others are
plug and play and can be installed without rewiridgtention needs to be
. . paid in etrofit applications to ensure proper and safe installation.

Technical Potential2.7 aMW

Applications Residential fixtures thatise linear fluorescent lamps. These are most often found in
garages, closets and utility rooms.

Product FeaturesLEDihear replacement lampare availablén a variety lumen outputs and in various
color temperatures. Dimming and natimming versions are available. Lamps have different installation
configurations with some requiring rewiring of fixtures and others beiregplug and play.

Availability: LED linear replacement lamps arecbmingreadily available throughmostconsumer
channels: big box stores, hardware stores, online

Energy SavingsLED linear replacement lamps currently in the market can provide esaxgygs of 40
¢ 45%

Cost: The cost of LEhear replacementampsis typically higher than fluorescent versions. Costs are
higher for LED lamps that provide good color quality, good dimming performance and long lamp life

Readinesd.evels

Category Scaes

Market/Commercial LEvES: Commercially available from 2+ manufacturers, well developed
supply chain. Widely and easily available.

Product LEVEIG: Approved for Implementation

Program LEVELS: Cost effective. Ready for ftdtale programs. Periadrisk

assessment process in place.
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LED Exterior Lighting

Based on 2012 findingthe average exterior lighting power mNorthwest
home is 22V (Poppy Storm) Based othe RTHResidential Building Stock
Assessment2014RBSAmetering the average hours of use for exterior
lighting in Northwest homes w&s7 hoursper day(Ecotope) This is the
highest average hours of use igghting inany location ira typical home

LED replacement lanspwith built in photo sensors are readily available an
are an easy upgrade for existing homdsternatively, outdoor lights can be
replaced with new fixtures with a built in photo sensor control.

Technical Potential 19 aMW
Applications Exterior port and security lighting

Product Features New fixtures with integrated LED sources are available in a wide variety of styles,
mounting types, lumen outputs, and color temperatures. These are available with integrated photo
sensors and motion sensorslternatively, LED replacement lamps with integrated photo sensors can
be used in existing fixtures.

Avalilability: Readily available through all consumer channels: big box stores, hardware stores, online.

Energy SavingsExterior fixtures with.LEDsourcesuse about 80% less energy thixtures with
standard incandescent lamps; about 30% less fhdares withCFLs.

Cost Thecost of eterior fixtures withLED lampis comparable to the cost of exterior fixtures using
incandescenand fluorescent sources Cost variewidely and is more a function of style and housing
material, rather than light source.

Readinesd evels

Category Scores

Market/Commercial LEVELS: Commercially available from 2+ manufacturers, well developed
supply chain. Widely and elysavailable.

Product LEVEL6: Approved for Implementation

Program LEVELS: Cost effective. Ready for ftdtale programs. Periodic risk

assessment process in place.
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Dedicated Fixtures

Dedicated fixtureshat use integrated_.EDsources are widely
available. WelldesigneddedicatedLED fixturesthose that
have been designed from the ground up to incorporate LED

sourcesgcanprovide benefits over the use of LED replacemen
lampsin fixtures that were designed for incandescent and
fluorescent source For instancegedicatedLED fixtures can

more effectively accommodate the directionality of LED
emitters, provide improved thermal management, include
higher quality drivers and incorporate integed controls.

Dedicated LED fixtures asemetimesmore expensive than
fixtures using traditional sources, although this cost premium
not large and is dropping as the cost of LEDs continues to
decline. In existing homes, it is still typically much less
expensive to replace a lamp with an LED lamp thaepace
the entire fixture. fie incremental cost afiedicatedLED
fixtures is small, makinpem more suitable fornew

constructionapplicatiors.

Technical Potential 89 aMW

Applications All residential lighting applications

Product Features New fixures with integrated LED sources are available in a wide variety of styles,

mounting types, lumeutputs, and color temperatures

Availability: Readily available through all consumer channels: big box stores, hardware stores, online.

Energy SavingsiNew fixtures withLED sources use about 80% less energy than fixtures with standard

incandescent lamps; about 30% less than fixtures with CFLs.

Cost Thecost ofdedicatedLEDfixtures is sometimes higher, but oft@emparable tothe cost ofnew
fixtures wing incandescerdnd fluorescent sources. Cost vamgdely and is more a function of style

and materias, rather than light source.

Readinesd.evels

Category

Scores

Market/Commercial

LEVELS: Commercially available from 2+ manufacturers, well diegped
supply chain. Widely and easily available.

Product

LEVEIG: Approved for Implementation

Program

LEVELS: Cost effective. Ready for ftdtale programs. Periodic risk
assessment process in place.
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Future Lighting Technologies

In addition to the dicient lighting technologies that are established and available today, research and
development of other efficient lighting technologies continues. These technologies are in various states
of development, with technical viability and widespread avaligtat competitive costsiot expected

for at least5 to 10years

Due to the anticipated initial high cost of markatailable products, initial adoption will likely take place

in commercial applications. If and when costs decline, these technologiendapplications in the
residential market. It is recommended that utilities monitor these technologies and reassess viability for
the residential market as the technologies advanEeture efforts for these new technologies will need

to focus on accelating their development through strategic partnerships to support research and
development

Near TermTwo ¢ Five ears

OLEDs

OLEDs are light emitting diodes in which the emissive electroluminescent layer is a film of organic
compound that emits lightvhen excited by an electric currenOLED lighting panelgere first mass
producedin 2011and OLED lighting panels are now available feomumber of manufacturers however,
production volumes are smallThey are a growing part of the TV and displayketand a major area
of research in the development of white OLED devices for use in

general illumination applications '

Advantages OLEDsffer advantage®ver regular LEDs primarily in ;‘,w’
relation to lighting quality and new alternatives for lighting dgsi }v
Theycan uniquely produce large area panels as light sources —dg—

Potential Barriers Qurrent efficacies(50 lumens/watt) are e

comparable to CFlfar behind current LEDdn addition,OLEDs

NBIljdzA NE RSRAOFGSR FAEGdZNBA -t y;P._P2avoid 1 WNRAIRS | 2y
replacement that can be used in existing fixtures. :

Outlook: With the current high costit is likely that OLEDs will first
be adoptedin commercial applications, with early residential
applications limited tdigh-end residential new constructioifhe
potential to drivesignificant near ternenergy savings in the
residential sector seems low.

Readiness Levels:

Categoy Scores
Market/Commercial LEVELL: Not commercially available or limited, pg@mmercial availability
Product LEVEL2: Conceptvalidated
Program LEVELL: No program design. No risk assessment.
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LongTermOverFiveYears

Lighting technologiewith significant uncertainty regarding technical viability and application in the
residential market include laser diodes and quantuntsdd/Nidespread availability is not expected dbr

least 5to 10 years.

Laser Diodes

Shuji Nakamura, Nobel Laureate for his contributions to the invention of bl

[958 aleéaz

Laser diodes do not fit a marketing model of a transition to a new
replacement ALamp but rather offer a powerful, high density, efficient light
source that could revolutionize lightingsign. Laser diodesre currently the
most common type of laser with wide applications in telecommunications,
measuring devices, scanners and many other applications. Lighting

0 - A ! T L
Aa¢CKS flIaSNE ¢S 0StASUY
generall LILX A Ol GA2ya &adzOK & K2YSasz od

applications have been very limited to specialty application

Advantages:The best laser diodes have similar efficiencies to current LEDs. The advantage of the laser
diode is that it can function with much higher power inputs literally producing a 1000 times as much

light from a single diode. Steven DenBaars, a research stiaht!C Santa Barbara, envisions using

small numbers of powerful lasers and redirecting the light into fiber optic cables and other waveguides
that would evenly distribute the light as a warm diffuse glow. A single intense source of light could be

used n this way to create a diffuse glow that could appear to emanate from entire surfaces of rooms or
light fixtures of any conceivable sha@dims).

Potential Barriers:Barriers to market introduction are high and utilization iealmost certainly begin

with commercial application before residential. Efficiency is high but on a lumen to lumen basis only
comparable to existing LEDs and the potential for additional reductions in residential lighting energy use

probably low.

Outlook: Competitive products appear to be at leasi8 years in the future and their acceptance will
be based on possible advantages to lighting quality and design.

Readiness Levels:

Categoy

Scores

Market/Commercial

LEVELL: Not commercially available dimited, precommercial availability

Product

LEVELL: Concept not yevalidated

Program

LEVELL: No program design. No risk assessment.
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Quantum Dots

Quantum dots are very small (typige2-10 nanometers)
semiconductor particles many of whievill emit light of
specific frequencies if electricity or light is applied to the
They are a central component in the expanding world of
nanotechnology first identified in 1986esearch

light emitting devices.

Advantages:Potentialadvantages taising quantum dots
in lightingsystemsare unclear at this point in the
technology devtopment Figure7. Projected sales dflifferent quantum dot based devices

IDTechEx Quantum dot based devices

Potential Barriers: Potentialbarriersto using 566

guantum dots irlighting systemsare unclear
at this point in the technology development han

Outlook: Quantum dots represent the newes e

of emerging technology but could produce
improvements in LED$d/or laser diodes in

6.000 Other applications
= Applications in displays
the next 510 years. The potential impact on o
general lighting remains undetermined but 2,000 l
should be monitored. o | .

2016 2018 2020 2022 2024 2026

$ million

Readiness Levels

Categoy Scores
Market/Commercial LEVELL: Not commercially available or limited, pgemmercial availabty
Product LEVELL: Concept not yevalidated
Program LEVELL: No program design. No risk assessment.
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Residential Lighting Controls

Lighting savings from the use of controls comes from either a reduction in the hours of use or a
reduction in pwer. Lighting ontrols generallyfall intotwo categories: traditional aihd alone controls
and connected controlsSavings forasidential lighting controls have traditionally been provided by
standalone controls, such as vacafmgcupancysensorsdimmers, timers angbhoto sensors.

With the introduction of he Internet of Things (IoJgonsumers have new capabilgiéo control their
environmentand access conveniences considered unimaginable just a decad€agoectedighting
controlsoffer solutions for improved security, convenience and comfort. Today consumers can turn
lights on and off, dim them and change the color of the lighting all through smart phones or tablets

A X 4 oA

2AGK (SOKy2t238 | ROIyOSYSyias 6@yingdddddely a & Y NI ¢

availableincludingbeing incorporated into Homengrgy Management Systems (HENt&) provide
users with information, feedback and/or control of household energy usage.

For the purpose of this papeathe market forresidential lightig controls andhe rapidly evolving
connected controtechnologieshas beerbroken down intawo categories:

1. Traditional standalone controls including vacancy and occupancy sensors, dinimers,and
photo sensors
2. Qonnected control$oth
a. lighting spedic for lamps, fixtures and switcheand
b. implemented as part of aomplete HEMS as part of the largetelrnet of Things

Potential Savings

In September 201, O0E estimated 7% of future savings in the residential sector would come from
controls through2035(Building Technologies Offic&yhilethe study identified much larger savings
from controls in the commercial, outdoor and industrial secta@yings from lighting controls the
residential sector is limited becausétbe relatively lowbaselineaverage hours of use.

As with the lamp technologies, staff at the NWPCC developed a technical potential estimate for
residential lighting controls. Given the lack of specific data for the NW, the estimate was developed
usingthe DOE estimate of 7% savings from controls, which results in a technical potedatabaMW

for all residential controls combined.

Average residential hours of use by lamp locatstiown inTable 3vere documented in the Northwest
Regional Technic@l 2 NHzY Q&4 wSaA RSy (Al f (RBEZO14R Iktghidr regidestial | !
lighting averages less thawo hours of use per lamper daywhile exterior residential lightingverages
3.7 average hours of use per laper day

Increased penetrationfdhigh efficacy, low wattagexmpsfurther reduces thepotential energysavings
from lighting controlghat reduce hours of use.
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Table3. Residential Lighting Hours of Use (HOU) by Room Type

Room Hours/day
Bedroom 14
Master Bedroom 1.1
Bathroom 1.2
Closet 0.08
Dining Room 1.9
Exterior 3.7
Family Room 3.3
Garage 1.1
Hall 2.0
Kitchen 3.6
Laundry Room 15
Living Room 2.8
Office 1.8

Barriers to Adoption of Controls
Whiletraditional standalone and connedaldighting controls havéhe potential toprovide energy

savings, issues such as cost, compatibility and complexity, and standby loads are barriers to widespread

adoption

Cost

The cost of traditional standalone controls, such as occupancy sensors amémdinis relatively low
However, if a homeowner is not comfortable installing these devices on their own, hiring an electrician

could add significant cost

The cost of connected lighting controls is currently hidgtven the simpler smart devices, sashsmart

lamps and smart switches, cost significantly more than similar devices that do not include connectivity.
When considering a larger, whole home energy management system to control lighting, costs can range
from several hundred to several thousaddllars.

Compatibility and Complexity of Connected Controls

A recent report completed by D3 9 Qa

9YSNHAY 3

¢(Enfdl K2g18) ipd\EiRdS &

comprehensive review of home energy management syst@ghidvS)including a discussion of
compatibility and complexity issues. A brief excerpt from the report is provided here, and readers are
encouraged to read the full report for more detail.

t NEINIY

Understanding which products work together, how exactly they can work together is a moving target as
the HEMS, smahome, and IoT industries are rapidly evolvigar example, is their interaction limited

to simply being accessed via the same energy ppri@lare users able to set integrated schedules or
rule-based control so events or data from one Home Energydgament (HEM) technology can be

used to control anothe? Compatibility and complexity of connected controls are challenges to be
resolved over the next five years.
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Further confusion arises due to the lack of standardization of smart home network pist@cg.,

ZigBee vs.-Wave vs. WFi). Also, consumer media often confuses protocols (e.g., Bluetooth) with smart
home platforms (e.g., Wink). The former strictly describes the type of network protocol the device uses,
whereas multiple network protocolsan still be integrated into a smart home platform, either using a

hub to translate between them or via a system than can communicate across all of these protocols.

At the same time, two HEM technologies that speak the same network protocol could stilhbe
interoperable because the higher software layers are not compatible. This is illustrated in&;igure
showing how HEM technologies (on top) use different wireless protocols (the middle) and are
compatible with different smart home platforms (bottom).

Figure8. Integration and Interoperability within HEMS Technologies

Products Nest Phillips Hue Belkin GE Dimmer  Keen Vent
Thermostat Insight
——
k 4
Networking Thread Wi-Fi Zigbee Z-Wave Bluetooth
protocol

\_7
¢

Alphabet Lowe’s Iris Samsung Apple Wink
Platforms Nest SmartThings HomeKit
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Standby Loadsof Connected Controls

Another potential barrieisthe @ K A R éhérgyost to proviedconnectivitygenerally referred to as
standby loadsIn order to respond to remote control, smart devices must remain powered in standby
mode and are near completely off increasing the total energy usage of the larfipe standbyloadcan
significantly impact the potential energy savings provided by the control functions of a connected smart
lamp. This is because the standby load is consumed 24 hr/dalg, average lighting operation in
residential applications is arourtdio hr/day.

For Energy Star certification of Smart Lamps, the maximum allowable standby power is 0.5 W. There are
products in the market that easily meet this requirement with standbwer draws as low as 0.1 W.
However, when additional sensors are included to sense motion or light levels the standby loads
increase and many products have standby loads closer to the 0.5 W reéxampleconsider the

case ofatypical 10 WLEDresidential lamp operatingwo hours/day,compared toa smart lamp with 0.5

W standby load antbtal 10.5 W consumption when on. The total energy use for three situations is
calculated below with the results shown graphicallyrigure9 below.

BaselineEnergy Use
10 W/hr* 2 hr/dy =20 Wthr/dy

Smart Lamp with No Reduction in Hours of Use
10.5 W/hr* 2 hr/dy + 0.5 W/hr * 22 hr/dy 32 W-hr/dy

Smart Lamp with Reduction in Hours of Use

Assume lighting hours of operation are reduced tawii/day (0.8 hr/day)
10.5 W/hr* 0.8 hr/dy + 0.5 W/hr * 23.2 hr/dy 20 W-hr/dy

For thesmart lampto consume the samenergyas the standard LEEhe hours of operation would
have to be reducetty 60%o 0.8 hr/day. To deliver savings, the hours wouldvieato be reduced even
further.

Figure9. Standard LED compared to Smart LED

35.0
30.0 ! I & Standby Energy Use
25.0 | I & Lighting Energy Use
> —
- 20.0 1 I
=
£
3‘ 15.0
10.0 —
5.0
0.0 il [ I——
Baseline Smart Lamp, no  Smart Lamp,
reduction in reduction in
hours hours
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Traditional Lighting Controls

In January of 2014, CEE publisRas$idential Lighting Controls Market CharacterizafloBE)which

was found to be the most up to date and thorough characterization of residential lighting controls
available. The data represents a national characterizatittrough at the time of this reportnost of

the data is more thafive years old.Changes in product costs over time (LED prices have fallen
significantly) and regional differences in electrical rates (Northwest rates are below national averages)
will certainly effect the reported payback times but the overall trends should remaiifisagrt.

The report focuses on vacarogcupancysensorsdimmers, timers,and photosensorsharacterizing

their use, energy savings and simple payback period by location in the home (room type) and lamp type
(incandescent, halogen, CFL or LEBQurel0andFigurell show estimated savings for each type of
control by room type and by lamp typeespectively

Figurel0. Average Annual Energy Savings per Control, by Room Type
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Figurell. Average Annual Energy Savings per Control, by Lamp Type
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CEE, Navigant Consulting

When controls are coupled with less efficient incandescent and halogen sources, the simple payback
period h someroomtypesisless than 23 yearswhile theaveragepayback periodcross all room types

is aboutsixyears The simpl@aybackperiod for controls sed with efficientCFL and LE€durcess

typically longethanten years.

Dimming controlshave the best osrall cost to benefitatio for all lamp types Dimming control of an
LEDsourcein living roomshasa simple paybacgeriodof 4.3 yearswhile the average payback period
for dimming control irallroom typesis 12 years.With low baseline operating hos and high efficacy,
the annual average energy savings from dimming cowtro¢sidentialLEDsources is lowabout 20
kWh/year. Other controls on average save much less.

The CEE report provides information for retrofit situations, whbeecost inclués the entire cost of
new controlsand installation labor cost Given the limited energy savings predicted from lighting
controls, theyare likely to be much more appropriate for new construction where incremental
equipmentcost is minima&nd there is p incremental labor cost

Demand for advanced lighting controls in the residential market has been low but Navigant Research
projects that total revenue associated with the installation of residential lighting contiidlgnow at a
compound annual growthate of 4.6% between 2016 and 20ZBlavigant Research)

An extensive list of available products for three major manufacturers (Legrand, Leviton and Lutron) is
contained in Appendix C of the CEE report.

! The CEE report calculates an average installation cost for each type of control assuming some percentage is
installed by an electrician and the rest by the homeowner.

Bonneville Power Administration 27
June 2018



Vacancy/Occupancy Sensos

These sensors save ener.gy by turning |Ight§ off Whel?igurelz Comparison of Vacancy and Occupancy Sensc
they sense that the room is no longer occupied. The,
can be sensitive to mo_tlo_n or heat (infrared) or _ Vacancy Occupancy
both. Both types are limited to the occupant being Manual ON/Auto OFF Auto ON/Auto OFF
within line of site of the sensor. Motion sgsors

may leave you in the dark if you are inactive for an
extended period. Vacancy sensors are generally
used more indoors and require a manual on.
Occupancy sensors are used more outdoors and

automatically turn the light on as well as off.

Outdoor appliations have greater potential savings because of the generally longer run tiktese
security is a primary concern for using exterior lighting, homeowners often resist the idea of motion or
infrared control preferring to leave lights on all night. Aneaittative bi-levelcontrolis now available in

the market where the sensor switches the lighting te=®b rather than completely offSignificant

savings are achieved with-leivel systems (50% or more) while gaining broader maakeeptancey
addresang security concerns

The costs ofacancy/occupancgensors are relatively lowA quick internet search has product starting

at $13.25 for a line voltage wall mounted sensbr.new construction, controls will be more cost

effective, as thericremental ostof an occupancy/vacancy sensor compared to a standard wall switch is
low. (David Douglas3aimes)A CEE Residential Lighting Controls Market Characteriztidy

indicates an average payback period for occupancy seis8t6 years, witlthe shortest payback

period of 43 years when used witkitchenlights. (CEE)Additional details from the CEE study are
provided in Appendix C.

Applications Anyresidentiallight in a home, but most oftensed in rooms where lights may be left on
when unoccupied, such as bedrooms and bathrooms

Product FeaturesTypically installed as a walbntroland turn lights off when the room is vacant. Can
be used with both indoor and outdoor lights.

Availability: Readily available through all consumer outlets: big box stores, hardware stores, online.

Energy SavingsSavinggan vary depending on occupancy patterns with studies showing estimated
savings from 25%60%.

Cost Occupancy sensor wall contrdigically cost slightly more than a standard wall switch.

Readinesd.evels

Category Scores

Market/Commercial LEvES: Commercially available from 2+ manufacturers, well developed
supply chain. Widely and easily available.

Product LEVEIB: Approved for Impmentation

Program LEVELS: Cost effective. Ready for ftdtale programs. Periodic risk

assessment process in place.
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Dimmers

Currently, approximatel$% of residential lighting iNorthwesthomes hasa ‘
dimmer control(DavidBaylon) A recent small study (less than 15 sites) by B
Efficiency Vermont reported thatccupants dimmed 38%f the lighting I
fixtures in the home operated by dimmer switchesso in @other small

study, PG&E reported that lights with dimmers were diminE8.5% of the I
time. If confirmed with a statistically significant sample, this suggests

potential saving from a wider use of controls consistent with DOE estima I !
for the residential sector. E

With the increased use of CFLs and L.E®@uapatibility betweendimmers and lampis a potentiaissue.

Even CFLs and LEDs designed to be dimmable will not work with all dimmers. Dimming LEDs and CFLs
may also result in flicker depending on the lamp and the dimmer. This is more of an issue in existing
homes than imew constructiorwhere approved dimmers can be pared with high efficacy lamps.

Compatibilityissuesbetween dimmers and LEDs is addressed by NEMA standard SSL 7A and 7B. Part A
addresses interoperability and basic compatibility and product labeling fopliante will go into effect

in 2018. Part B is designed to set performance standards establishing minimum acceptable functionality
but has been delayed because of a lack of industry consensus about what should be required and how it
should be tested. Estéibhing standards of functionality for SSL dimmers remains a barrier to wider
deployment of dimmer controls.

As with occupancy/vacancy sensorts tosts oflimming switchesre relatively lowA quick internet
search has product starting at $12.00 withnmerous options below $25.00n new construction,
dimmerswill be more cost effective, as thedremental cosbf adimmer compared to a standard wall
switch is low(David Douglas3aimes) A CEE Residential Lighting Contkéarket Characterization
indicates an average payback period for dimmers is 7.7 years, with the shortest payback period of 2.3
years when used with living rooms lighf€EE)Additional details from the CEE study are provided
Appendix C.

Applications Anyresidentiallight in a home, but most often used in rooms that are frequently
occupied and adjustable light levels are desired, such as kitchens, living rooms, bedrooms and
bathrooms

Product FeaturesTypically instéd as a wall control to allow occupants to dim lights as desired.
Dimmers specifically designed to be compatible with LED and CFL lamps should be used with these
sources.

Availability: Readily available through all consumer outlets: big box storeswaagdstores, online.

Energy SavingsSavinggan vary depending on occupancy patterns with studies showing estimated
savings from 25%60%.

Cost Dimmingwall controlstypically cost slightly more than a standard wall switch.
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Dimmers- Readinesd evds:

Category Scores

Market/Commerci | LEVEIS: Commercially available from 2+ manufacturers, well developed supp
al chain. Widely and easily available.

Product LEVEL3: Limited Assessment

Program LEVE4: Marginally at cost effective levels. Prograesijn complete, larger scal

pilots underwayWelldevelopedrisk assessment.

Timers

Residential timers are founmost oftenon exteriorlighting, howeverthe CEE report also found them in
garages, basement, laundry/utility rooms and bathms where theymay be usedo controllights that
areinstalled in ventilation fan unitsA CEE Residential Lighting Controls Market Characterization
indicates an average payback period for timers is 10.2 years, with the shortest payback period of 3.9
years when used ith exterior lights(CEE)Additional details from the CEE study are provided in
Appendix C.

Applications Most often used wittexterior lighting butalso in garages,
basement, laundry/utility rooms and bathoms.

& ' om
ProductFeatures: Typically installed as a wall control to allow occupants tc it
turn lights on for a specified period of time. - LE

& ' om

Avalilability: Readily available through all consumer outlets: big box stores
hardware stores, online.

Energy SavingsSavinggan vay depending on occupancy patterns with
studies showing estimated savings from 2580%.

Cost Timerwall controlstypically cost slightly more than a standard wall switch.

Readinesd.evels

Category Scores

Market/Commercial| LEVES: Commercially avable from 2+ manufacturers, well developed supply
chain. Widely and easily available.

Product LEVEI3: Limited Assessment

Program LeEve4: Marginally at cost effective levels. Program design complete, larger
scale pilots underwayWelldevelopedriskassessment.
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Photo sensors

Photo sensos are most commonly used to contrekterior lighting Thephoto sensor igypicallyan
integral part of the fixture andontrols operation to only nighttime hours'he phob sensor will turn on
the light at dusk and turn off the light at dawwWhere outdoorights need to operate all night for
security reasons, photo sensors can ensure that lights are not left on during the day.

Since photo sensors are typically an integatt of the fixture,
replacement of the entire existing fixture is most common in
) retrofit situations.Most Northwest Codes require photo sensors
- ‘ ( = on exterior residential lightingn new homes A CEE Residential
g ’ Lighting Controls Market Characterizatiowlicates an average
payback period fophoto sensorss 17.2 years, with the shortest
payback period of 7.6 years when used with exterior ligi@&EE)
Additional details from the CEE study are provided in Appendix C.

Applications: Residentialexterior fixtures.

Product FeaturesTypically included as an integral part of the fixture and controls operation to only
nighttime hours.

Availability: Readily available through all consumer outlets: big box stores, hardwaresstorkne.

Energy SavingsSavingsan vary depending atihe baseline operation of the fixtureFor fixtures
consistently left on during the day, converting to photo control can reduce operating hours by about
50%, with the same level of energy savinger fixtures only intermittently left on during the day,
savings will be lower.

Cost Exterior fixtures with integral photo controfgpically cossomewhatmore than asimilar fixture
without photo control

Readinesd evels

Category Scores

Market/Commercial LEVELS: Commercially available from 2+ manufacturers, well developed
supply chain. Widely and easily available.

Product LEVEL3: Limited Assessment

Program LEVE4: Marginally at cost effective levels. Program design complete, lar

scale pibts underwayWelldevelopedrisk assessment.
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Connected Controls

Connected controls refer to lighting equipment that has an element of intelligence or connectivity.

l O0O2NRAY3I (2 5h9Qa [ Aghe hréagest)iossbly benest frdarNEDYlighding &ill £ A 1
RSLISYR 2y O2yySOGSR fAIKGAY3T O2yiNRfa GKIFG NBaLl
(LED Adoption Reportoontrols connect multiple lamps, fixtureand switches to allow intelligent

operation. Connected lighting controls can operatelependently within a homevithout an internet

connection however, most will be connected to the internet through a bridge with control through an
app.

y

Options for mplementing connected lighting contsihcludS ndagié andps switchesplugs and iwall
dimmers Thesean all include various sensors to determine occupaligiyting levels, timing etc.
integrated into gplatform thatallows remote control and posdégmonitoring.

As shown irFigurel3 below, the market is segmentedanging from plug and play smart lamps with

built in WiFi (4% of market) that can talk directly to your smart phone to complete automation systems
from a couple oflozen manufacturers using both open and proprietary (19% of market)
communications protocoléSmallwood)

Figurel3. 2014 Connected Indoor Lighting Market

ZigBee Bluetooth
6% 3%

Wi-Fi
4%

4
Proprietary
19%

DALI

Power Line 43%

3%

Power over
Ethernet
2%

2% (Smallwood)

According to DOE, connected contralsre installed in less than 0.1% wdth commercial and
residentiallighting systems in 201@uilding Technologies Officé) the residential sector, the
anticipated potential saving®f lighting controls is low, given low baseline operating hours and
continued penetration of high efficacy sources.

While ithas been suggested that this new level of connectivity could praidi@ncedcontrol to drive
additional savings in the residealilighting sectobeyond the savings associated with traditional
(unconnected) controls, this remains substantially unproven for wide applicatdith the current high
cost of connected lighting controls, these systems are not likely to be cost edféetsed on energy
savings alone and are dependent on ramergy benefits to drive their market acceptance.
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Connectivity could provide a pathway for utilities to acquire a demand response (DR) resource but the
fragmentation of the market and lack of sidards for compatibility pose significant barriers.

Connected controls fall into two catedges,
a) lighting specific for lamps, fixtures and switches; and
b) implemented as part of a complete HEMS as part of the larger Internet of Things

Both of these option are explored in the next sections.

Smart Lamps

Smart lamps provide a relative low cost path to connected lighting control. Téregspair LED

lighting sourcesvith the ability for remote dimming, colathanging, colotuning (CCTand on/off

control. There is a broad range of lighting options (color temp, color tuning, dimraggkell asccess

to voice controland audio speakensith appropriate hardware. The features of some of the best rated
G & Y NI asretiewsdshitp:/smarthome.reviewed.conare locatedn Appendix B

In retrofit applications, installation of a smart lamp with or
gAGK2dz0 | 3L GSére Aa ol aao
require professional installation. Because the leanvner
can generally install these lamps, their cost will be lower
than hardwired controls installed by a contracted
professional. However, smart lamps are not cost effective
based on energy savings alondon-energy related
benefits, such s.color chaging capabilityintegrated audio
speakers and otherontrol features are driving early
adoption versus cost effectiveness.

Smart lamps fall into 2 categories: lamps that requiteib

or gateway to communicateith other devices and lamps that can comnicate directly by WIFI,

Bluetooth or proprietary protocolsZigBee is currently the dominant communication protocol for smart
lamps that require a hub or gatewa@ateways are an added cost that becomes less significant if a large
number of lamps are bieg installed. There is a wide variation ithe approach used for connecting

lamps and devicesnd some setup and programing features are awkward especially across different
platforms The PG&E Market Analysis for HEMS published in November ofROK6Rebecca Ford)
foundthe followingfor smart lamps:

GEKS YIAY RAFFSNBYOS 068658y G(KS LINPRdAOGA A& |
network. Of the 15 manufacturers, whose products were reviewed, four distinct comntiamica
approaches emerged. Most developed proprietary hubsdfers produced bulbs that were

compatible with a slew of platforms developed by other manufacturers (4). Two manufacturers
produced bulbs that connect to the Wi router directly. Nine additimal products did not need

a hub and were directly controlled via Bluetooth using smartphones and tablets, but can only
O2YYdzyAOI S Ay Oft248S LINPEAYAGES LINRPKAOGAGAY3I NB

Also, a word of caution, in a small PG&E study in 20dlking at smart lamps, the hours of use per lamp
actually increased for smart lamps compared to standard lamps partially offsetting savings gained from
added control(Price)
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Applications Residential fixtures that have ardison base suitable for screw in lamps.

Product Features Remote control for dimming, on/off, color changing, color tuning, aagically
through smart phone apps

Avalilability: Becoming more readily available through major consumer outlets, maigligdx stores
and online.

Energy SavingsGiven the early stage of technology development and adoption, energy savings are
generally unproven andnticipatedto below, given low baseline operating hours aheé high efficacy
of the lamp.

Cost Smart lanps typically cossignificantly more than an LED lamp without integrated control
functionality.

Readinesd evels

Category Scores

Market/Commercial LEVELS: Commercially available from 2+ manufacturers, well developed
supply chain. Widely and easily #able.

Product LEVE2: Concept validated

Program LEVEL3: Not cost effective but shows pathway to CE with higher volumesg

more competition, improved technology. Small scale pilots.

Smart switches

Like smart lamps, smart switches provide connecigtting control. Smart switches replace the normal

wall switches in a house and provide connectivity which enables the ability to turn lights on and off, dim

regular bulbs, and provide connected control of switched devices other than lighting. Anotheefe&

the smart wall switch, as compared to the standard wall dimmer, is the remote control capability. An
advantage for smart switches is that standard LED bulbs can be controlled. This can be especially useful

if the application requires a particulaize a K LIS 2NJ adef S GKIFIG AayQi | @l At

However, these switches do not provide the additional features,
such as color changing, available with smart lamps unless the
bulbs are also replaced.

Most smart switches use either WIFI ogBee. WIFI models like
the Belkin WeBo Light Switch can pair directly with your home
network or smart phone while models that use ZigBee will
require some sort of hub or control device. Lutron has an
extensive line of higheend lighting controls for smatighting
based on their own proprietary signal.

Installation is more complicated than a smart lamp, requiring
wall switches to be replaced at an average cost, arols@] $
which is fairly high impactinipe cost effectiveness of smart switches. Like $ri@anps, market
adoption is currently driven by neenergy benefits.
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While smart lamps can lose connectivity if they are turned off by a regular wall or fixture switch, smart
switches are always connected directly to house power and remain connectedgaaddhe power is

on. Because smart switches are always powered even when they are turned off, this results in standby
energy use similar to a smart lamp.

Applications Anyresidentiallighting controlled by a wall switch.
Product Features Remote colrol typically through phone apps for dimmingy/off.

Availability: Becoming more readily available through major consumer outlets, mainly big box stores
and online.

Energy SavingsGiven the early stage of technology development and adoption, enexgygsaare
generally unproven andnticipatedto below, given low baseline operating hours ahe continued
penetration ofhigh efficacytamps.

Cost Smartswitchestypically cossignificantly more than atandard wall switch

Readinesd evels

Category Scores

Market/Commercial LEVEIS: Commercially available from 2+ manufacturers, well developed
supply chain. Widely and easily available.

Product LEVEI2: Concept validated

Program LEVEI3: Not cost effective but shows pathway to CE with higher mals,

more competition, improved technology. Small scale pilots.

Smart plug-in and hardwired outlets

Smart outlets provide connected intelligent
control to any device. Most, smart outlets
are designed to work with whatever is
plugged into them to turn evices on and off
and for lamps provide dimming controls.
However, some outlets are lamp specific,
with built in dimming control. Many devices
now have or are developing compatibility
with various platforms such as Apple
HomekKit for iOS, Amazon EchaGwogle
Home. With the right hardware you can
have voice control of your lighting and other
devices.

These devices can either be plungor hard wired. Plugn options are basically plug and play and adapt
an existing outlet they can automate other devigesluding small applications and provide connectivity
for fixtures using standard bulbs. Smart piogutlets are simple to set up and like smart lamps can be
easily relocated. Other smart outlets are hard wired and offer a more seamless and &dhatat feel

for a fully automated home but require more labor to install.
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